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(54) Stabilized acrylic add compositions 

(57) A stabinzed acrylic acid composition is pro- 
vided in which tiie polymerization of the acrylic acid is 
inhibited during the distillation process for purifying or 
separating Uie acrylic acid as well as during transport 
and storage. The compositions of the present invention 
comprise tiiree components: (A) acrylic acid, (B) a sta- 
ble nitroxyl radical, e.g., the nitroxyl radical 4-hydroxy- 
2,2,6.6-tetramethyl-1i3iperidinyloxy (CAS registry 
number 2226-96-2) (HTEMPO), and (C) a dihetero-sub- 
stituted benzene conpound having at least one trans- 
ferable hydrogen, e.g.. a quinone derivative such as the 
mono-metiiyl-ether of hydroquinone (MEHQ). During 
the distillation process, transport and storage, compo- 
nents (B) and (C) are present in a polymerization-inhib- 
iting amount During tiie distillation process, oxygen (D) 
is preferably added with components (B) and (C). 
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DescriptI n 

FIELD OF THE INVENTION 

5 This invention relates to acrylic add ccmipositions which are stabilized against the premature polymerization of the 
acrylic add. More spedf'ically, the present invention relates to stabilized acrylic acid compositions in which polymeriza- 
tion of the acrylic add is InhMed during the distillation process for purifying or separating the acrylic add as well as 
during transport and storaga 

10 RACKGRQUND OF THE INVENTION 

Acrylic acid can be polymerized under controlled conditions to give useful polymers In preparing acrylic add or 
preparing acrylic esters from acrylic add by either the esterification reaction or the transesterification reaction, a distil- 
lation operation for separating, concentrating or purifying is typically employed. Acrylic add is one of the most reactive 

IS of the common vinyl monomera tt has a pronounced tendency toward oligomeric peroxide formation and toward ttier- 
mal polymerization, which is accelerated by the template effect of solid polymer. Aarytic acid is different from other vinyl 
monomers because of the powerful electron-withdrawing properties of the caritxixyl group and the ordering of monomer 
molecules through hydrogen bonding which fedlitates polymerization under certain conditions. (See Leon B. Levy, 
"Inhbition of Acrylic Acid Polymerization by Phenottiiazine and p-Mettioxyphend.' Journal of Polymer Sdence: Pdy- 

20 mer Chemistry Ed., Vd. 23, ppi 1505-1515 (1985).) tt is ioiown that tiie high polymerization tendency of acrylic acid 
becomes extremely high at elevated temperatures such as in the distillation step. Therefore, in tiie preparation of acrylic 
add and its esters on a commerdal scale, the prevention of polymerization of acrylic acid during ttie distillation step is 
extremely important to the ^able operation of the process. 

When distilling acrylic add or its esters in tiie separation, concentration or purification stepi it is known tiiat a pdy- 

25 mer may be formed at various places, for example, on the reverse side of tiie trays, the inside of tiie bubble caps, tiie 
external suribce of tiie downcomers and tiie recessed portions on tiie column wall which are not perpetually wetted with 
a liquid containing polymerization inhibitors, as well as the hardware (&g.. bolts, nuts), tiie packing and tiie gaskets for 
setting up tiie trays at which liquid tends to stagnate. The polymers ttius formed do not readily dtesotve in water, acrylic 
add, acryi'ic esters or ottier organic solvents. Further, once tiie pdymer forms inside the column, it becomes a nudei^ 

30 of polymerization to cause a gradual accumulation of polymer which can block the inside of the column and render 
impossible tiie continuous cfistillation operation. Moreover, great difficulty is involved in removing this accumulated pd- 
ymer. 

Previously, as a measure to inhibit the polymerization of acrylic add or esters ttiereof during their distillation, ttiere 
was proposed in tiie spedfteatk>n of tiie Qennan Laid-Open Pat No. 2,027,655 a distillation column of a construction in 
35 which tiie reverse skie of the trays and the inside wall of tiie cdumn have been made readily wettable. AskJe from ttiis 
proposal, tiie metiiod most wkJely used heretofore for inhibiting tiie polymerization of these corrpouncte is tiiat of adding 
a polymerization inhibitor to tiie distillation column. 

Typtoal polymerization inhibitors are phenolic compounds, amine compounds, nitro compounds, quinone com- 
pounds and certain inorganic salts, e.g., CDDC. The use of stable nitroxyl radicals induding ttiose derived from hin- 
40 dered amine moieties has also been disdosed. Typical references are cited below. 

Japanese Sho 60-36501 describes the use of hindered amines and their l-oxyl and 1-alkyl derivatives as vinyl 
polymerization inhibitors to improve storage stability of monomers such as acrylate and meihacrylate esters. 

European Patent Application Na 178.168 A2 cfisdoses tiie use of l-oocyl substituted hindered amine compounds 
as stabilizers for inhibiting the polymerization of a,p-etiiylenically unsaturated monocartxixylic adds during its recovery 
45 by dstillation. Though acrylic acid is mentioned, only metiiacrylic add is exenrplified. Further, its is acknowledged 
tiierein tiiat of the a,p-ethylenically unsaturated compounds, acrylic add has one of the greatest tendendes to polym- 
erize, and tiiat it is extremely difficult to handle at elevated temperatures. This application was limited to the use of 
2,2.6.6-tetramettiyl-4-Qxopiperidine-1-oxyl to stabilize mettiacrylic add. This material was compared to 2,2,6.6-tetram- 
ettiyl-pq?eridine-1-oxyl (ia. wittiout tiie 4-oxo) and prefen-ed ttiereover. (See EP 178,168 B1 .) 
so GB 1,265,419 to Christopher John Brown, et al., discloses a metiiod for minimizing polymerization of acrylic acid 
during distillation thereof which comprises distilling the acrylic add in tiie presence of nibic oxide in the gas phase and 
phenottiiazine in tiie liquid phase. 

GB 1 ,127,127 to Hubert Charies Bailey describes tiie use of 1 -oxyl substituted hindered amine compounds ternied 
nitrQxides therein as stabilizers for inhibiting tiie polymerization of acrylic add. The nitroxkie has the essential skeletal 
55 structure: 
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wheran , R2, R3 and R4 are a!t^ groi4>s and ho hydrogen is bound to the remaining valencies on the cart)on atoms 
bound to nitrogen. The nitroxide is effective in the presence or absence of oxygen. However, in the presence of oxygen, 
peroxy compounds of acrylic add tend to be fbnned, which on decomposition lead to the consumption of nitroxide. The 
nitroxides HTEMPO and d-tert-butyl nitroxide were exemplified. Comparative examples utilized BQ. HQ. PTZ. a,a'- 

IS diphenyt-^icrylhydFazil (DPPH) or cupric chlorida 

QB 1 ,432.190 discloses that PTZ is useful as a stabilizer during distillation of acrylic add. 
U.S. 5,290,888 to Gatechair, et al.. discloses the use of l-hydroxy substituted hindered amine compounds as pre- 
ferred over their 1-oxyl counter-parts as effective inhibitors to prevent the premature polymerization of nwnomers. 
induding acrylic add and methacrylic add, in either the vapor or liquid phase. The relative effectiveness of 1,4-dihy- 

20 droxy-2,2,6,6-tetramethylpiperidine and 1-axyi-4-hydroxy-2,2,6,6-tetramethylpipendine (HTEMPO) were compared 
using methyl methacrylate monomer. A combination of N.N^lialkylhydrQxylamines and nKXiomethyl ether of hydroquint- 
none (MEhlQ) were effective in inhibiting the polymerization of methyl methacrylate monomer. In comparative exam- 
ples, the following inhibitors alone tailed to inhibit the polymerization of acrylic add: phenothiazine (PTZ); N,N- 
diethylhydroxylamine (DEHA); l-hydroxy 2,2,6,6-tetramethylpiperidin-4-yl benzoate; 1-hydroxy-2.2,6.6-tetramelhyl- 

25 piperidin-4-one; and bis(1 -hydraxy-2,2.6,6-tetramethylp^peridin-4-yOsebacata 

U.S. 5,258.138 to Gatechair, et al., discloses the use of a hindered amine plus PTZ (or other related heterocydic 
mdety) as inhibitors to prevent the premature potymerization of monomers, induding acrylic add, in either the liquid or 
vapor phase. Though other PTZ-related heterocydic moieties are disdosed, only PTZ is demonstrated and daimed. 
Further, though the N-hydroxy substituted hindered amines are used in conjunction with PTZ, the coresponcfing stable 

30 nitroxyls are not used. 

Z Ziyi et al., "High Inhibition Effect of 2,2.6,6-tetra-methyl-4-hydrQxyliDiperidine-Qxyl on Acrylic Acid," Chemical 
Journal of Chinese Universifies, Vd. 4, Na 2, pp. 244-247 (1983) discloses the synergistic effect of the combination 
HTEMPO, PTZ and benzoquinone (BQ) on the pdymerization of acrylic add. The inhibiting effects or lack tiiereof on 
the polymerization of acrylic add of the following compounds is also disdosed: HTEMPO, PTZ, hydroquinone (HQ), tet- 

35 radilorobenzoquinone (TCBQ). BQ, 1,4-nitroquinone (NQ), and phenylquinone (PQ) alone and combinations of 
HTEMPO with BQ, TCBQ, NQ or PQ. Improved inhibition effects were seen when HTEMPO was mixed with BQ. The 
most prominent effect was seen with a combination of HTEMPO, BQ and PTZ 

Chinese patent application na 86-1 -03840 (Jinx Chemical Institute) cBsdoses the use of a mixture of HTEMPO and 
p-hydroxy-phenyl methyl ether (MEHQ) to prevent the polymerization of methacrylic acid and isobutyric add (and their 

40 esters). The synergistic effect of these two components requires the presence of oxygea Acrylic acid is neither taught 
nor suggested using this particular combinatioa Reference is made to the foregdng work of Z. Ziyi et al., but is aiti- 
cized in regards to the large quantities of retarder (i.e., HTEMPO. BQ and PTZ) required thereby. 

Leon B. Levy, supra, cfisdoses the combination of PTZ and MEhK3 to inhibit the polymerization of acrylic add. 
MEHQ requires tiie presence of oxygen to function as an inhibitor. 

45 U.S. 3,674,651 to Otsuki disdoses the use of a combination of diphenylamine or its derivatives and an oxygen^on- 
taining gas for inhibiting the polymerization of acrylic acid. This combination can also employ BQ and/or MEHQ. 

U.S. 4,663,480 to lnskq>. et al.. disdoses that manganese nitrite, i.a Mn(N02)2. effectively inhibits undesired 
polymerization, ag., ttiermal potymerization, of ethytenically unsaturated monomers such as unsaturated hydrocar- 
bons, hydrocarboxyl adds and hydrocarboxyl esters. Acrylic add is specifically exemplified. 

so U.S. 5.221 ,764 to Roling disdoses that the combination of a cerium source compound and an aromatic amine, ag. . 
a phenylenediamine. may be used to inhibit the polymerization of acrylic add. A majority of the MEHQ originally in the 
acrylic add was removed pnot to testing with the inhibitor composition disdosed tiierein. 

U.S. 4,021,310 disdoses carrying out the cfistillation for separating or purifying the acrylic acid obtained by the 
vapor phase catalytic oxidation of propylene or acrolein or acrylic esters derived from acrylic acid, in the presence of 

55 (A) at least one compound selected from the group consisting of HQ, MEHQ, aesds, phenols, t-butyl catechol (TBC). 
diphenylamine, PT7s, various other compounds descn'bed in the patent, and methylene blue; (B) at least one com- 
pound selected from the group consisting of copper dimethyldrthiocart)amata copper diethyldithiocarfc>amate. copper 
dibutyldithiocarbamate (CDDC) and copper salicylate; and (C) molecular oxygen. Some of the conpounds of groups 
(A) and (B) are recognized therein as known pdymerization inhibitors of acrylic add or its esters and tiiat the simulta- 
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neous use of these compounds with molecular oxygen also known. On the other hand, the "SIO patent descn'bes the 
simultaneous use of the three components of groups (A), (B) and (C) in the distillation of acrylic acid or its esters to 
obtain a synergistic effect 

Thus as noted, acrylic add undesirably polymerizes at various stages of its manufacture, processing, handling, 
5 storage and usa A particularty troublesome problem equipment fouling caused by polymerization in the purification 
stages of acrylic acid production processes. Pdymerization, such as thermal polymerization, during the purification of 
acrylic add, results in the loss of acrylic add cvkJ in loss of production eff idency because the polymer often deposits in 
or on^iipjprtiertt in contetci^ig^^^a^l^^ 

As has been discussed atxywd, a wide viiety 6f sUbsi^nces have been proposed for inhibiting uncontrolled polym- 
10 erization. &g.. thermal polymerizatioa of acrylic add. Hcwever, the heretofore proposed substances have not been 
entirely satisfeu;tory. Accordingly, there is a substantial need in the art for improved conrpositions in which polymeriza- 
tion of acrylic acid is inhibited during the distillation process for purifying or separating the acrylic monomer as well as 
during transport and storaga 

None of the above-identified references descrbes or suggests that a combination of (1) a stable nitroxyl (which the 
15 prior art teaches is consumed in the presence of cxygen) or its con'esponding N-hydroxy substituted compound and (2) 
MEHQ (which the prior art teaches requires the presence of cxygen to be effective) or other related heterocydic moiety 
is or could possibly be such effective inhibitors to prevent the premature polymerization of acrylic add (in the lic^id or 
vapor phase) in either the presence or absence of oxygen. 

20 SUMMARY OF THE INVENTIONI 

A stabilized acrylic acid corrposttion is provided in which polymerization of the acrylic add is inhibited during the 
distillation process for purifying or separating the acrylic add as well as during transport arxl storaga The corrposrtions 
of the present invention corrprise ttvee components: (A) acrylic add, (B) a stable nitroxyl racfical, ag., HTEMPO. or its 
25 corresponding hydroxyl amine and (C) a dihetero-substrtuted benzene compound having at least one transferable 
hydrogen, e.g., a quinone derivative such as MEHQ. 

During the distillation process, transport and storage, components (B) and (C) are present in a polymerization- 
inhibiting amount During the distillation process, oxygen (D) is preferably added with components (B) and (C). 

Preferably, component (B) is present in an amount of from about 5.8 millimdar to about 5.8 nfx>lar parts per million 
30 (ppm), and component (C) is present in an amount of from about 8 millimolar to about 1 6 molar ppnt If present during 
distillation, component (D) is preferably present in an amount of from about 1 to about 1 5,000 ppm, wrtti the ppm being 
based on oxygen content Component (D) may be present or added as air or molecular oxygen. 

The method of ttie present invention exdudes any process earned out for the purpose of polymerizing acrylic add, 
particulariy in the presence of effective anKXirrts of pdymerization catalyst. A particular application of the present inven- 
ts tion is to inhibit the spontaneous formation of "popcom polymer* in distillation equipment used to separate and recover 
acrylic add. 

IN THE DRAWINGS 

40 Rgure 1 is a bar graph representing some of flie results of Example 2. 

Rgures 2A ttirough 2D are bar graphs representing some of ttie results of Example 3. 

DESCRIPTION OF TH^ INVENTION 

45 A Stabilized acrylic acid composition is provided in which polymerization of the acrylic acid is inhibited during the 
distillation process for purifying or separating ttie acrylic add as well as during transport and storaga The compositions 
of ttie present invention comprise: (A) acrylic add, (B) a stable nitroxyl radical, ag., HTEMPO. or its conresponding 
hydroxylamine and (C) a dihetero-substituted benzene compound having at least one transferable hydrogen, ag., a qui- 
none derivative such as MEHQ. During distillation, transport and storage, components (B) and (C) are present in a 

so polymerization-inhibiting amount. During tiie distillation process, oxygen (D) is preferably added witti corrponents (B) 
and (C). 

Suitable free radical for use in this invention is a stable nitroxyl radical (also called nrtroxide) having ttie formula: 
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wheran R2, R3 and R4 are alkyi groups or heteroatom substituted all^ groups and no hydrogen is bound to the 
remaining val&Kes on the carbon atonos bound to the nrtrog^. Also suitable are the corresponding hydroxylamine 
IS thereof. 

TTie alkyI (or heteroatom substituted) groups RrR4 may be the same or different, and preferably contain 1 to 15 
cart)on atoms. Preferably RrR4 are methyl, ethyl, or propyl groups. In addition to hydrogen the heteroatom substituents 
may include halogen, oxygen, sulfur, nitrogen and the like. 

The remaining valences (R5 and Rg) in the fbrnujla above may be satisfied by any atom or group except hydrogen 

20 which can bond covalenUy to cart)on, although some groups may reduce the stabilizing power of the nitroxkie structure 
and are undesirable. Preferably R5 and Re are halogen, cyano, -COORn wherein R^i is alkyI or aryl, -CONH2, -S- 
CeHs, -S-COCH3, -OCOC2H5, carbonyl, alkenyl where the double bond is not corijugated with the nitroxide moiety, or 
alkyI of 1 to 1 5 carbon atoms. R5 and Re may also form a ring structure with the nitrogen, preferably containing 4 or 5 
carbon atoms and up to two heteroatoms, such as O, N or S. In such a situation, R5 and Re may be designated by T 

2S and the nitroxkie structure represented as follows: 
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Further, two or more nitroxyl groups may be present in the same molecule, for example, by being linked through the 
40 T moiety by a linking group E as dfectosed in U.S. 5.254,760, which is hereby incorporated by reference 

Exanples of suitable compounds having the structure above and in which R5 and Re fbnii part of the ring are pyr- 
rolKiin-1-oxys, piperidinyl-l-oxys, the morpholines and piperazines. Particular exarrples wherein the R5 and Re above 
form part of a ring are 4-hydroxy-2.2.6,6-tetramethyl-piperidino-1 -oxy (HTEMPO); 2.2,6.6-tetramethyl-piperidino-1 -oxy; 
4-oxo-2,2.6,6-tetramethyl-piperidino-1 -oxy; and pyrrolin-1 -oxyl. Suitable R5 and Re groups are methyl, ethyl, and propyl 
45 groups. A specific exarrple of a suitable compound where R^ -Re are alkyI groups is di-tert-butylnitroxkia The preferred 
cartxMiyl containing nitroxkJes are those wherein the R5 and Re fomi a ring structure with the nitrogen, preferably a six 
number ring, for exarrple, 4-axo-2,2,6.6-tetramethylpiperkiino-1-axy. 

Examples of suitable ratroxkle free radical compounds indude, but are not limited to: di-tert-buty!nitroxide; di-tert- 
amylnitroxide; 2,2.6.6-tetramethyt-piperkJinyloxy; 4-hydroxy-2,2.6.6-tetramethyI-piperidinyloxy; 4-oxo-2,2,6,6-tetrame- 
50 thyliaiperidinytaxy; 4<Jimethylamino-2,2,6.6-tetramethylpiperklinyloxy; 4-amino-2,2,6,6-tetramethylpiperidinyloxy; 4- 
ethanoyloxy-2,2.6,6-tetramethylpiperkJinylaxy: 2,2,5.5-tetramethyipyrroIidinyiaxy; 3-amino-2,2,5,5-tetrametiTylpyrrolind- 
inyloocy; 2.2.5.5-tetramethyl-1-Qxa^-azacyclopentyt-3-oxy; 2.2.5.5-tetramethyl-3-pyrrolinyl-lKixy-3-carboxylic add; and 
2,2,3,3.5,5,6,6-octamethyl-1 ,4-diazacydohe)^-1 ,4-diQxy. 

Exarrples of suitable hydroxylamines include, but are not limited to. tfie conesponding hydroxylamines of the nitrox- 
55 ides iderrtified atxsve. 

Such Stable nitroxide free radical compounds may be prepared by known methods, for example, see U.S. Pat Nos. 
3,494.930; 3.966.711; 3.704.233; 3.334.103; 3.253.055; 3,372.182; 3.502,692; 3.422.144; 3.163,677, 3,873.564 and 
4,665,185. which are hereby incorporated by reference. The corresponding hydroxylamine may be prepared according 
to U.S. 4,665.185 and 5,290.888, which are hereby incorporated by reference. Such materials are also availatrfe from 
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Aldrich Chemical Ca and Sigma Chemical Co. 

Suitable dihetero-substituted benzene compounds having at least one transferable hydrogen are those having the 
formulae: 



X X 



10 




IS 

and combinations thereof, wherein X e OH or SH. and Y is OR7. NRsRg or SR10. with X preferably being OH. R. R7, 
Rq, Rg and Rio niay be the same or different, and preferably contain 1 to 15 cartx>n atoms with R also preferably being 
H (hydrogen). Preferably, R7, Rs. R9 and R^q are methyl, ethyl, propyl, butyl, or phenyl and the R groups H. The alKyl 
groups may also contain heteroatom substituents, such as halogen, oxygen, sulfur, nitrogen, and the lika 

20 Exanrples of such dihetero-substrtuted benzene compounds include, but are not limited to: hydroquinone; 4-m6th- 
Qxyphenol; 4-ethoxyphenol; 4-propoxyphenol and propyl isomers thereof; 4-butQxyphenol and bu^ Isomers thereof; 4- 
heptoxyphenol and heptyl isomers thereof; hydroquinone, monobenzylether; 1,2-cfihydrQxybenzene; 2-methoxyphenol; 
2,5-dichlorohydroquinone; 2,5^i-tert-butylhydroquinone; 2-ac6tylhydroquinone; hydroquinone, monobenzoate; 1,4- 
dimercaptobenzene; 1,2-dimercaptobenzene; 2,3,5-trim6thylhydroquinone; 4-aminophenol; 2-aminophenol; 2-N.N- 

25 dimethylaminophenol; 2-mercaptophenol; 4-mercaptophenol; catechol; monobutylether and butyl isomers thereof; 4- 
ethylaminophenol; 2,3-dihydroxyacetophenone; pyrogailol, 1.2<limethyl6ther; and 2-methytthiophenol. Such com- 
pounds are well known and commerdally availabia 

Preferably, conponent (B) is present in an amount of from about 5.8 mitlimolar to about 5.8 nwtar parts per million 
of acrylic acid on a weight basis (ppm), and conrponent (C) is present In an amount of from about 8 millimolar to about 

30 16 nx)lar ppm. During distillation, component (D) is preferably present in an anK)unt of from about 1 to about 15,000 
ppm, with the ppm being based on oxygen content Component (D) may be added as air or molecular oxygen. 

More preferably, component (B) is present in an amount of from about 5.8 millimolar to about 3.5 molar ppm, and 
component (C) is present In an amount of from about 8 millimolar to about 9.7 molar ppm. If present during distillation, 
component (D) Is more preferably present in an amount of from about 5 to about 5,000 ppm. Most preferably, corrpo- 

35 nent (B) is present in an anxnint of from about 5.8 millimolar to about 1 .7 molar ppm, and component (C) is present in 
an anfK>unt of from about 8 millimolar to about 9.7 nfK>lar ppm. During cfistillation, component (D) is most preferably 
present in an amount of from about 5 to about 1 ,000 ppm. 

In one particularly preferred embodiment, components (B) and (C) are present in a molar ratio of from about 1 :9 to 
about 9:1. 

40 In another particularly prefenred embodiment components (B) and (C) are present in a molar ratio of from about 
1:3 to about 3:1. 

In another particularly prefered embodiment components (B) and (C) are present in a molar ratio of from about 
2:3 to about 32. 

The oxygen may be presait or added as molecular oxygen or as air Air is prefen-ed. The oxygen, whetiier molec- 
45 ular or present in air, may be added at any point wrthin tiie distillation column but is preferably added at tiie bottom of 
tiie distillation column. 

TTie amounts in which the components (B) and (C) and, if present the oxygen (D) are used wilt vary d^nding 
upon various conditions including the distillation, operating conditions and storage and transport condrti'ons. 

The foregoing components (B) and (C) dissolve with relative ease in aaylic add or organic solvents fliat are used 
so in the process of preparing acrylic add. Daring distillation, the oxygen is typically introduced into tiie distillation column 
in the gaseous stata 

The composition which indudes component (D) may be used in tiie various distillation steps that are candied out in 
the distillation column for purifying acrylic acid, for separating acrylic add from the solvent, for separating such light frac- 
tions as acetic acid from acrylic add. for separating acrylic ackJ from acrylic esters and alcohol, and for separating such 
55 light fraction as acrolein from the aqueous solution of acrylic acid. 

The composition is also useful in the various steps tiiat are carried out in the condensation column for acrylic acid 
and in the esterrfication reactor. 

Th compositions of the irrvention may be stored, handled, and used as monomeric material in polymerization 
processes, and othenvise, with continuing inhibition of thermal polymerization. 
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The present invention is further illustrated ty the fbltowing non-tinvting exannples. All parts, percentages and oth^ 
anx>unts given throughout this disclosure are by weight unless othenwise indcated. 

5 

EXAMPLE 1 : NrTROXlDE SYNTHESIS 

In this example, the nitroxide HTEMPO was prepared according to the method disclosed in Sosncvsky and Kbniec- 
zny, Z. Naturforsch, Wdi. 31tx pp. 1376-78 (1976), for use in the polymerization inhibition tests which follow. About 9.43 

10 grams of 2 J2,6,&-tetram6thyl-4ipip6ridinol was dissolved in about 80 ml. of water. About 1 ml. of Versenex 80 was added 
to the mixtura Thereafter, about 27.2 ml. of hydrogen peraodde (30%) was also added! About 0.4 grams of sodium tung- 
state (Na2W04-2H20) were then added thereto. TTie total water volume is about 99 ml. The reaction solution was stinred 
vigorously at room t^erature ovemight. Thereafter, about 23.73 grams of socfium cartxxiate (anhydrous) were dis- 
solved and the reaction solution was stirred. A deep red product separated and became the upper phasa On standing, 

IS this upper phase crystallized giving the crude nitroxida The nitroxide was then f Dtered, then redissolved in ether. Inor- 
ganic salts were removed by filtration. The solvent was evaporated to give aude nitroxida The nitroxide was then puri- 
fied by crystallizing from cydohexane. A yield of 8.95 grams (dDOut 83.3%) recrystallized. The aqueous filtrate may be 
further extracted to remove residual nitroxida The piperidinol has a molecular weight of 157.26 and a melting point of 
1 31 ^'C. The nitroxide had a nrK)lecular weight of 1 72.26 and a melting point of about 70*'C. The extraction of the nitroxide 

20 may also be performed with a xylene/butyl cellosolve (ag., using a weight ratio of 49/2). 

EXAMPLE 2: STABILIZATION OF ACRYUG ACID 

In this experiment, acrylic add was stabilized with HTEMPO alone, MEHQ alone and the combination of HTEMPO 
25 and MEHQ. The HTEMPO was that prepared in Example 1 . The remaining materials utilized were lab grade chemicals 
obtained from Aldrich or Sigma. These included acrylic add (AA), hydroquinone (HQ), mono-methylether of hydroqui- 
none (MEHQ), mono-ethyl-ether of hydroquinone (EEHQ), mono-h^)tyl-ether of hydroquinone (G7HQ), phenolhiazine 
(PTZ). butylated hydroxy toluene (BKT) and N,N'-di-seo^xJtylphenylenediamine (PDA). 

The experiments were cam'ed out using a DuPont InstnOTients 9000 Thermal Analyzer with a DSC 10 Differential 
30 Scanning Calorimeter with pressure unit The Differential Scanning Calorimeter was supplied by TA (formeriy STA) of 
Alzenau, Germany. 

The acrylic acid utilized herein had previously been stabilized with MEHQ. The monomer was purified by renxsvai 
of the inhibitor through careful distillation under an oil pump vacuum. The purified monomer was cdlected at -70''C and 
aliquots of it were stored in a freezer at about -30°C. The absence of MEHQ was confirmed through high pressure chro- 

35 matography (HPLC), gas chromatography (GO) and gc-mass-spectrometry (GCMS). 

The potential influence of different inhibitors to stabilize a^ylic acid against unwanted, themnally initiated, radical 
polymerization was detemiined using differential scanning calorimetry (DSC). A sample (usually 2 to 4 ^1) of the mon- 
omer with or without the inhibitor was encapsulated in a small aluminum sanple container. An empty one was used as 
a reference. Because ttie themially induced radical polymerization of AA is exothermic by nature, the difference of the 

40 generated thermal energy between the sample and the blank was measured by the DSC and registered as a positive 
peak in the printout 

All experiments descn'bed herein were run i^'ng the same conditions, ag., sample preparation, themfial condition 
(about 136*^0), detennining the onset of polymerization (from DSC printout), etc. K was demonstrated that, for example, 
a change in the heat-up rate to tiie desired temperature of about ^ZS*'C had no significant influence on tiie induction 
45 time (i.a, time until polymerization could be observed). Other variations, ag., decrease of the maximum temperature, 
resulted in the expected change of the induction time (i.e., longer time). 

Although MEHQ and HTEMPO may be used as stabilizers for acrylic acid alona their individual stabilization effect 
was signrf icantiy less than their combination. The combination of the two had a synergistic effect on the stabilization of 
AA. Specifically, the effect was significantfy greater tiian the added effect of the individual componenta The improve- 
so ment became visible when the amount of one added to the other was at least about 1 0% of the total anrK)unt of inhibitor. 
It was found that tiie desaibed synergy seemed to depend on the presence of both the hydroquinone derivative 
and the nitroxida The effect was best with MEHQ but could also be observed with EEHQ and C7-HQ. This could be 
explained by tiie fact that tiie dosage was weight ppm and, therefbra a greater molecular weight (of EEHQ and C7-HQ 
compared to MEHQ) resulted in less inhibitor in the samples measured (i.e.. not mole corrected). No difference was 
55 observed between lab and technical grade acrylic add. 

Rgure 1 shows the results as retention time of th most important experiments: 

(A) purified AA. 
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(B+C)cal. the theoretical* calculated, result if the effect would only be additive for MEHQ (200 ppm) with HTEMPO 
(100 ppm). 

(BfC^cal the theoretical, calculated result if the effect would only be additive for EEHQ (200 ppm) with HTEMPO 
(100 ppm). 

(&fC)act the result of a combination of 200 ppm of MEHQ with 100 ppm of HTEMPO. 

(BfOacL the result of a combination of 200 ppm if EEHQ with 100 ppm HTEMPO. 

MEHQ and EEHQ concentrations were 200 ppm's each. The EEHQ result \s shown as a exai^e for the effect of 
HQ derivatives. The C7-t-IQ results were slightly smaller and are not shown here. 

EXAMPLE 3: STABILIZATION OF METHACRYUC ACID (COMPARATIVE EXAMPLE) 



In this experiment methacrylic add was stabilized with HTEMPO alone, MEHQ alone and a combination thereof 
with each variation peribrmed 5 or 6 times. The materials Ich' the experiments descrik>ed herein came from the same 
sources as mentioned in Example 2, this includes methacrylic ackJ, MAA. 

Methacrylic add was purified using the same technique as with AA in Example 2. The absence of the inhibitor 
20 (MEHQ) was again confirmed by GCMS. 

DSC was used to measure the influence of the different inhibitors on the thermally induced radical polymerization 
of methacrylic acid. Sample containers and sample volumes were identical to that of AA in Example 2. 

The only difference between the woric earned out with AA and MAA was the temperature used to initiate polymeri- 
zat'on. In order to make it easier to compare AA with MAA, MAA was run at the same temperature as AA (136^0 - 
25 1 STC), but variations in the results coming from that relatively low temperature inaeased the scatter in the results mak- 
ing them non-reprodudbla TTierefbre, 159^0 was chosen, which is dose to the boiling point of MAA, but even here 
scattering exists and is relatively greater than with AA. 

In comparing the two different radicals 




It becomes apparent that the MAA free radical is the nf)ore stable spedes (stabilized through the -CH3 group). Tertiary 
radicals such as these are made more stable G &. less reactive) than secondary radicals. e.g., MAA vs. AA radicals. 
Accordingly, the MAA radical is less reactive than the AA radical. . 
45 This is reflected in the results of the experiments described hera Only very small amounts of inhibitor were neces- 
sary to stabilize MAA, the biggest effect (in %) was between the purified monomer and 20 ppm of both HTEMPO or 
MEHQ. 

A combination of HTEMPO and MEHQ (20 and 30 ppm, respectively, for a 50 ppm total) dkl not show a belter inhi- 
bition than the sum of the effects of the individual inhibitors alone, each at 50 ppm. This suggested that in the MAA sys- 
50 tem the synergy obsen^ed in AA does not exist. See Rgures 2A-2D. 

EXAMPLE 4: STABILIZATION OF ACRYUC ACID WITH HTEMPO AND MEHQ VARYING THE RELATIVE CON- 
CENTRATION OF EACH 



55 In this experiment acrylic ackJ was Stabilized with HTEMPO alone, MEhlQ alone, and a combination thereof while 
maintaining the total concentration thereof at 300 ppm. The test procedure and set-up were like that of Example 2. 
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Concentratian (ppm) 




RunNa 


HTEMPO 


MEHQ 


Tme (min.)" 


1 


0 


0 


4.1 


2 


0 


300 


22.1 


3 


75 


225 


36.2 


4 


100 


200 


44 


5 


125 


175 


40.9 


6 


150 


150 


36.1 


7 


200 


100 


29.1 


8 


300 


0 


12.2 



^ Time unto polymerization. 



20 

The synergistic effect of the oombination of HTEMPO and MEHQ is readily apparent from Table 1 1n that the time 
until polymerization starts is delayed significantly. 

25 EXAMPLE 5: STABILIZATION OF AGRYUG ACID 

In this experiment, acrylic acid was stabilized with MEHQ alone, HTEMPO alone, and a cont)ination of MEHQ and 
HTEMPO. and a connblnation of MEHQ and the corresponding hydroxylamine of HTEMPO. The test procedure and set- 
up was like that of Example 2. 

30 

TABLE 2 



Run Na 


Concentration (ppm) 


Time {Min.)° 




MEHQ 


HTEMPO 


HYDROXYLAMINE 




1 


0 


0 


0 


4.1 


2 


300 


0 


0 


22.1 


8 


0 


300 


0 


12.2 


4 


200 


100 


0 


44 


9 


200 


0 


100 


33.4 



^Tiine until polymertzalion. 



45 

As is readily apparent from Table 2, there is also a synergistic effect when a combination of MEHQ and the conre- 
sponding hydrcxylannine of HTEMPO is utilized. 

so EXAMPLE 6: STABILIZATION OF AGRYUG ACID 

In experiments acrylic acid w^ stabilized with a combination of HTEMPO and MEHQ. Additional stabilizations 
were performed by replacing a position of the HTEMPO with HQ. MEHQ dose was maintained at 200 ppm with the 
HTEMPO/HQ variable totaling 100 ppm. Otherwise, the test procedure and set-up were like that of Example 2. 
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TABLE 3 



Run No. 


Concentration (ppm) 


Time (Min.)* 




MEHQ 


HQ 


HTEMPO 




10 


200 


80 


- 20 


84.9 


11 


200 


50 


50 


84.8 


12 


200 


20 


80 


73.4 


13 


200 


' 0 


100 


58.8 



^Tme unta potymerizatioa 



As is readily apparent from Table 3, there is also a synergistic effect when a combination of MEHQ, HQ and 
HTEMPO is utilized. 

It is understood that the foregoing detailed desaiption is given by way of illustration and that nrtany nrxxJif ications 
may be made therein without departing from the spirit or scope of the present invention. 

Claims 

1 . A monomer composition, stabilized against pr^rature polymerization, said composition comprising a mixture of 

(a) acrylic acid; and 

(b) an effective anDOunt sufficient to inhibit premature polymerization of the acrylic add, of a combination of 

(0 a compound selected fomi ttie group consisting of a stable nitroxyl radical, Hs con^esponding hydroxy- 
lamine and combinations thereof, and 

(ii) a dihetero-substituted benzene compound having at least one transferable hydrogen. 

2. The composition of claim 1 , wherein tiie compound is a stable nitroxyl radical having the fomrtula: 













c- 


■N- 


-c— 


1 


1 


1 


R2 


0 

« 


R3 



wherein R^, R2, R3 and R4 each are alkyi groups or heteroatom substituted alkyi groups and R5 and Re each are 
halogen, cyano. -COOR1 1 wherein Ri 1 is alkyi or aryl, -CONHg, -S-CsHs, -S-COCH3. -OCOC2H5. carbonyl, alkenyl 
where the double bond is not conjugated with the nitroxyl moiety, or alkyt of 1 to 15 carbon atoms or R5 and Rg 
together form a ring structure with the nitrogen of the nitroxyl moiety 

3. The composition of daim 2, tiie stable nitroxyl radical is selected from the group consisting of: di-tert-butylnitroxkie: 
di-tert-amylnitroxide; 2,2,6,6-tetramettiyl-piperidinyk)xy; 4-hydraxy-2,2,6.6-tetramethyl-piperidinyloxy (HTEMPO); 
4K»co-2,2,6,6-tetramettiyi-piperidinylGxy; 4-dimethylamino-2,2,6.6-tetramethylpiperidinyloxy; 4-amino-2,2,6,6- 
telrametiiylpiperidinyloxy; 4-ethanoylQxy-2,2,6.6-tetramettiyfpiperidinylaxy; 2.2,5,5-tetramettiylpyrrDlidinyloxy; 3- 
amino-2.2,5>tetrametf^pyrrolincfirylcxy;2.2,5,5-tetramethyl-1-a)a^ 2.2,5,5-tetramethyl- 
3i5ynrolinyI-1-oxy-3-cart)oxyIic add; 2,2,3,3,5,5.6.6-oclamettiyl-1,4KJiazacyclohexyi-1,4<fiaxy; and combinations 
thereof. 
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4. The composition of daim 3. the stable nitroxyl radical is 4-rvdroxy-2,2.6,6-tetramethyl-piperidirTylcxy (HTEMPO). 

5. The composition of claim 1 , wherein the dihertero-substitiited benzene compound ha^'ng at least one transferable 
hydrogen is selected from the group consisting of those having the formulae: 
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and combinations thereof, wherein X is OH or SH. and Y is OR7, NRsRg or SR10. wherein R7 and R^q are each 
hydrogen, Ci-Cis alkyi or aryl, Rs and R9 are each C1-C15 alkyi or aryl, and R is hydrogen or CrCis atkyl. 



6. The composition of claim 1 , wherein the dihetero-substituted benzene compound having at least one transferable 
20 hydrogen is selected from the group consisting of: hydroquinone; 4-m6thCKyphenol (MEHQ); 4-ethQxyphenol; 4- 
propoxyphenol and propyl isomers thereof; 4-butoxyphenol and butyl isomers thereof; 4-heptQxyphenol and heptyl 
isomers thereof; hydroquinone, monobenzylether; 1,2-dihydrQxybenzene; 2-methQxyphenol; 2.5-dichlorohydroqui- 
none; 2,5<li-tert-lxityIhydroquinone; 2-acetyfhydroquinone; hydroquinone. monobenzoate; 1,4-cfimercaptoben- 
zene; 1,2-dimercaptobenzene; 2,3,5-trimethylhydroquinone; 4-aminophenol; 2-aminophenol; 2-N,N- 
25 dimethyfaminophenof; 2-mercaptophenol; 4-mercaptophenol; catechol; monobutylether and butyl isomers thereof; 
4-ethylaminophenol; 2,3-dihydFQxyacetophenone; pyrogalld, 1,2-dimethylether; 2-methytthiophenol; and combina- 
tions thereof; provided that hydroquinone is used in combination with at least one other dihetero-substituted ben- 
zene compound having at least one transferable hydrogen. 

30 7. A process for preventing the premature polymerization of acrylic acid, said process comprising adding to said 
aoylic acid an effective amount, sufficient to inhibit premature polymerization of said acrylic acid, of a combination 
of components (i) and (ii) as defined in any one of claims 1 to 6. 

8. A process for preventing tiie fouling of processing equipment including reactors, pipes, stills, distillation columns. 
35 cracking towers and heat transfer surfaces during the processing of acrylic acid, said process comprising 



adding to said acrylic add, before processing is begun, an effective amount, suffident to inhibit premature 
polymerization of sakJ acrylic acid, of a combination of components (i) and (ii) as defined in any one of daims 
1to6. 
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